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The detection of moving personnel targets by individual soldiers is
a complex process. This thesis examines the variables that affect the
acquisition process and how these variables are currently being modeled
for analysis. A thorough and well-controlled experiment conducted by the
Human Resources Research Organization is analyzed to assist in establish-
ing guidelines for future research in this area. The guidelines estab-
lished include a discussion of field experiment procedures, as well as
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I. INTRODUCTION
Combat units in the U. S. Army axe distinguished by their ability to
employ fire and maneuver to operate in close contact with enemy elements.
General unit missions may be offensive, defensive, or retrograde in na-
ture. With a variety of tactical operations available, the infantryman
might find himself performing complex tactical maneuvers against enemy
forces or simple surveillance and security operations Ltj. These combat
activities have one common factor, the ability of the infantryman to de-
termine
.
whether enemy elements are available; that is, the detection of
enemy targets. Before the individual soldier can successfully engage en-
emy targets, he must first be able to detect, identify, and locate these
targets.
There are several compelling reasons for investigating the target de-
tection phenomenon. Identification of the variables that affect target
detection can assist in the selection and training of combat soldiers.
The need also exists for methods or models to predict the effectiveness
of combat units when employing different mixes of equipment, various tac-
tical doctrines, initial force mixes, weaponry, etc. [l8]. These models
can be used to describe the mobility, firepower, protection, and detec-
tion characteristics of a weapon system in different terrains and envi-
ronments. During the weapon system planning phase, if the system of in-
terest is not available to determine their effectiveness experimentally,
models must be used to predict system reliability and availability and
the feasibility of a set of specified performance characteristics. If
experimentation is feasible, models may be useful in providing guidance
6

for conducting the experiments, in analyzing the data, and in interpolating
or extrapolating the data to systems and environments not considered in
the experiment [l8]].
Models of land combat are only as good as their submodels that describe
firepower, mobility, protection, lethality and detection. Thus, if com-
bat is to be characterized realistically in any mathematical theory, then
target acquisition must also be portrayed realistically. An analytical
model or computer simulation must accurately depict the detection process
if it is to give legitimate results of combat interaction between oppos-
ing forces.
Target acquisition is the process whereby an observer gains knowledge
of the presence, the nature, and the location of an object of immediate
or potential interest as a target |_i9]« Target acquisition can be clas-
sified as either detection or identification. Detection is a type of
identification that implies an object of potential military importance
has been sensed. The target exhibits some "clues" that exceed a thresh-
old that separates it from the textural detail of the environment and
make the observer aware of the object's presence. Identification usually
occurs at a shorter distance and implies that a correct and unique spe-
cification of the object's military significance has been made. Identi-
fication includes the nonsensory elements of judgment, reasoning, and
surmise. However, objects are not simply detected and identified in the
field. Rather, they are sensed against a relevant background of military
purpose. The soldier filters and processes observed information relative
to the purposes of his combat mission [21^].
Detection of military targets can be inspired by either aural or vi-
sual clues. Visually detected targets can be classified as either firing
or nonfiring in nature. The different signatures (smoke, dust, flash)

created by firing targets influence the associated distribution of detection
times of nonfiling moving human targets.
The topic of this thesis was inspired by the Human Resources Research
Organization (HumRRO) report entitled, "Target Detection and Range Esti-
mation." This is one of the latest and most well-controlled experiments
in the detection of moving personnel targets. The test was designed to
collect target detection data "... for comparison with predictions from
a target detection model generated by ASARS II from data provided by the
Tank Weapons System studies" [lO],
Problem definition can best be explained by listing the goals to be
achieved in this report. These are:
1. Identification of the major variables affecting visual target de-
tection;
2. Identification of current detection probability models, their ap-
plications and limitations, and the functional relationships of the vari-
ables; and
3. Analysis of the HumRRO report in order to establish guidelines
for future studies in the detection of moving personnel targets.
Identification of the variables that influence the detection of moving
personnel targets is addressed in Chapter II. Human, target, and environ-
ment variables play a significant part in the detection times associated
with moving targets. The problem inherent in simulating combat situations
in the laboratory experiments and the current attempts to model and con-
trol these variables are also discussed.
Chapter III outlines several probability models associated with visual
target detection. The variables included in the model and the model's
applications and limitations are also discussed. The models selected
range from the basic negative exponential distribution of probability
8

detection to the more complex model incorporated in the Tank Weapon System
study. The models chosen present several different approaches to modeling
visual target detection. Each applies different variables and concepts
in specifying the acquisition process. The various techniques employed
in constructing these models will assist in establishing the guidelines
for future studies in the visual acquisition field discussed in Chapter
VI.
The guidelines for future research are divided into two phases, ex-
perimentation and modeling. The experimentation phase is concerned pri-
marily with methods associated with the process of gathering data from
field experiments. The modeling phase is associated with the construc-
tion of realistic combat models of visual target detection processes.
These two phases are by no means mutually exclusive. Experimentation can
be used to generate data for comparison with predictions from a target
detection model, or the model can be constructed from a set of data gen-
erated by a field experiment. As mentioned earlier, results of experi-
mental studies on detection processes are a product of the methodology
employed and guidance can be provided by existing models. The boundaries
of the experimentation and modeling phases exist only in so far as they
assist in establishing guidelines for future research.
A summary of the HumRRO study is provided in Chapter IV. An analysis
of this test and comparison with work conducted by the Tank Weapon System
study group follows in Chapter V. Elements of the Tank Weapon System
study were a major effort by noted authorities on visual target detection.
The HumRRO report was also an example of well-controlled experimentation.
Consequently, a comparison of these two reports will greatly aid the es-
tablishment of guidelines for future research.

II. DETECTION VARIABLES
In modeling a given phenomenon the analyst is always faced with the
problem of either overcomplicating or oversimplifying the problem. It
is important in all phases of modeling and experimentation that the ana-
lyst maintain a realistic overview of the initial problem. He must in-
sure that his work is not distorted unreali sti cally by the simplifying
assumptions or burdened by unnecessary complications. This dilemma is
not unfamiliar in the modeling of visual target detection.
In modeling visual target detection processes the aforementioned
problem is the necessary differentiation between the variables that are
to be functionally included in the model, and those variables that are to
be controlled during experimentation. Controlled variables, such as the
number of targets in the scene or the training level of the observers,
are fixed and controlled by the analyst during experimentation. Function-
al variables, such as target speed or observer-target range, are allowed
to vary during experimentation so their effects might be studied for mod-
eling purposes. Though seemingly of minor importance, the above decision
is probably the most significant phase of the initial modeling process if
the analyst is to avoid oversimplification or overcomplication.
From a list of selected variables it might be readily evident how each
can contribute in some manner to the target detection process. If the an-
alyst tries to include all of the variables and their higher order inter-
action effects in his model, he might make the model so unwieldly as to
completely destroy its effectiveness. In implementing detection models




It is important to increase the efficiency of programs by eliminating
unnecessary and time-consuming calculations produced by an excessive a-
mount of computations. For simulations the analyst would like to produce
a model that incorporates all known variables and their interactions with-
out imposing excessive running times on the computer. With a complicated
process like target detection this is infeasible and the analyst must
seek an alternate solution. The answer is to model those variables that
are. deemed most important and to control the remaining variables during
experimentation.
Controlling variables during experimentation is a difficult two-step
process. In the first step the analyst must decide which variables to
model and which to control. For modeling he will select those variables
that have the greatest impact on the actual process and can also be quan-
titatively measured. This second criterion is important. For example,
in visual target detection two important variables are target speed and
target-background contrast. While target speeds are easily measured
quantities, it is only recently that attempts have been made to measure
target-background contrast for inclusion in visual target detection mod-
els.
The second step in this process is to determine what level to estab-
lish for the controllable variables and how to insure consistency through-
out experimentation. Some variables can be represented by group norms
and might apply for all general models. For example, using individuals
with 20-20 eyesight, or correctable vision, would be one means of con-
trolling a physical variable. However, some variables are very scenario
dependent. If the analyst is trying to control scene complexity, it would
be invalid to use a level representing a jungle vegetation if the model
was to be used in a simulation of a Middle East conflict. Once the levels
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have been selected, it is important that they are maintained throughout
the experiment.
Selection of controllable variables amounts to designating simplify-
ing assumptions for the model. If a model is based on data gathered from
observers with normal physical abilities, basic training experience, and
no combat experience, then that is the observer the model is trying to
depict. Therefore, careful attention should be given not only to the
variables selected, but also to the level of control selected for each
variable. If the model should simulate combat veterans, then additional
data would have to be gathered and functional relationships established.
The remainder of this chapter will be devoted to a discussion of the
primary variables associated with visual target detection, their effects
on the detection process, and the attempts that have been made to model
and control these variables in experiments and combat simulations. This
chapter will confine itself to a comparison of the different approaches
used by various studies, while Chapter III will discuss the actual func-
tional relationships of the variables. There are numerous factors affect-
ing visual target detection so several concepts in the literature have
been combined and the variables have been categorized as Human, Target,
or Environmental in nature. The variables are:
Human Element
1. Human Response
2. Motivation and Fatigue













Historically, the human element has been the most controlled factor
of all the variables in the target detection process. These variables
lend themselves to control since the analyst can select subjects and place
necessary constraints on the observer during experimentation. While the
human's predictability in following test guidelines for experimentation
facilitates controlling these variables, it is his unpredictability dur-
ing combat situations and the inability to measure such reactions that
makes these variables difficult to model.
1. Human Response
Human response includes the observer's inherent visual sensory
skills and his ability to comprehend and organize perceived experiences.
This involves the observer's physical attributes as well as his general
level of intelligence. Response variables encompass the observer's abil-
ity to handle abstract information, to discern simple geometric shapes
from complex patterns, to detect unique figures within an array of simi-
lar figures, and to sensitively respond to different illumination condi-
tions [19]. For military applications this variable includes the observ-
er's ability to examine the raw data of the environment and filter
observations for relevant military information [2l],
The human response variable is often identified as the search and
scan technique variable. Though similar in nature they are two different
13

variables. Human response is identified with the observer's inherent
sensory skills while the search technique variables discussed later are
associated with prior military training.
.
The human response factor generally suffers from lack of attention
during experimentation. Individuals are normally selected as "nine tank
commanders," or "thirty basic trainees," etc. It is assumed that all the
subjects have the inherent abilities discussed above.
Some studies have identified the importance of this variable and
have applied necessary controls for the selection of observers. The Tank
Weapon System study used only observers with 20/30 vision or better. The
Combat Developments Command Experimentation Command (CDCBC) used a strict
selection process in the design of Experiment 3i«ii "Target Detection
Performance by Ground Observers" L193I* Tests were administered to indi-
viduals to measure all the inherent sensory skills and physical abilities
discussed earlier. The test results provided a basis for screening and
grouping observer subjects for experimental suitability. The results
were also used to compare performances in the detection experiment with
performance on the human factor tests. This procedure shows insight in
the planning phase of the experiment to insure selection of the desired
personnel.
2. Motivation and Fatigue
Motivation encompasses several factors as variables. It includes
the observer's personal motivation, fatigue, and combat activities. A-
mong these activities are the effects of individual task performances,
protective or destructive fire by the observer, and harassing and sup-
pressing fire by the enemy.
In field experiments there is a minimum of distraction, and moti-
vation and fatigue are carefully controlled variables. What is the

functional relationship "between a soldier in a carefully controlled field
experiment and one in a combat situation? Obviously, the motivation that
drives a soldier in combat can never be completely duplicated in the field
experiment.
Consequently, motivation has generally been disregarded during
field experimentation. Observers are generally assumed to have had the
proper amount of rest and to be "properly motivated." They are not re-
quired to perform any combat related tasks other than searching for tar-
gets. Some attempts have been made to establish "reward and punishment"
procedures during testing to motivate observers, but these methods have
yet to be perfected.
The greatest advance in the area of observer motivation has been
in the modeling phase of visual detection processes. The Small Indepen-
dent Action Forces (SIAF) simulation includes a human maintenance sub-
routine that determines degradation factors due to fatigue, water depri-
vation, and body heat storage [l]]. This subroutine relates body energy
expended (in BTU's), water intake deficiencies, evaporative heat transfer
achieved, and the length of time performing reconnaissance to downgrade
the detection probabilities of observers. The primary fault in this meth-
od is that the above factors are derivatives of laboratory experiments and
subjective opinions. Field experimentation involving the effects of these
variables and suppressive fires are necessary to validate such models.
However, the fact that the SIAF simulation includes these variables indi-
cates a growing concern about the importance of the motivation factor.
3. Search and Scan Techniques
While human response variables are related to the observer's in-
herent sensory skills, search and scan techniques are associated with the
observer's prior military training. This includes the individual's
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familiarity with ground observer's procedures and his ability to scan a
scene for relevant combat information. Good search techniques involve
scanning the scene for possible avenues of approach and for vegetation
masses that might partially conceal a target. This includes continuous
eye movement without undue hesitation on irrelevant environmental diver-
sions. This ability to organize and interpret can be learned. Identifi-
cation is aided by an understanding of maneuvers, an acquaintanceship
with the combat situation, and a willingness to trust "hunches" when vi-
sual "clues" are presented [.21]
•
In most target detection experiments observers are presented with
a bounded search sector with no requirements on searching procedures.
The observer's searching ability is usually explained by the highest lev-
el of his military training. Graduates of Basic Combat Training (BCT) or
Advanced Infantry Training (AIT) are used to approximate inexperienced
combat riflemen [l0[]. The highest level of training is normally described
as "combat experience." However, this "level" could probably be attained
by inexperienced soldiers with extensive training in non-combat situa-
tions.
k. Prior Information
Prior information is the amount of knowledge the observer had con-
cerning the nature of the target or the target's location before searching
his assigned sector. It includes target characteristics such as size,
shape, and motion that the observer expects the target to exhibit, or mil-
itary information concerning combat conditions, avenues of approach, and
enemy location.
The amount of prior information available to the observer in-
fluences the distribution of subsequent detection times. An observer
naturally adjusts his search pattern according to the expected physical
16

characteristics of the target \_5~]» Therefore, he insures that the entire
search area is eventually covered by a sufficiently sensitive portion of
his visual field. If, for example, the observer expects the target to
be moving, his search pattern may be adjusted because he intuitively ex-
pects a moving target to be easier to detect.
Once an observer detects a target, he is likely to concentrate
his search efforts in the vicinity of the newly detected element. Con-
sequently, his detection performance with respect to other targets in the
vicinity of the detected element will be improved. A similar effect is
produced if the observer receives intelligence reports concerning knowl-
edge of the approximate target location.
In a combat situation the observer is faced with varying tactical
situations. Although usually assigned a specific area to be searched,
the observer might be distracted by targets outside his sector if they
happen to capture his attention. He is usually in doubt as to the type,
number, and combat posture of possible enemy targets. As a result, the
observer's search and scan techniques will vary. During field experiments
this variable is fixed so that the observer has a specific amount of in-
formation available prior to the target's intervisibility. Generally,
he knows that the target will appear in the assigned sector, that he will
not be distracted by other targets in adjacent sectors, and that avail-
able detection times will be short enough to preclude his eyes from wan-
dering. Search and scan techniques will be varied accordingly.
B. TARGET CHARACTERISTICS
The earlier discussion on the human response variables noted that a
major problem in conducting field experiments on visual target detection
was the inability to accurately depict combat realism. This is not a
17

major problem with the target characteristics, since they are relatively
easy to measure in field experiments. Crossing velocity or target size
are the same for both combat and simulated situations. Since combat dy-
namics generally refer to targets by range, motion, and physical charac-
teristics, these variables are frequently encountered as variable param-
eters in simulation models on target detection. The appropriate functional
relationship for these parameters in simulation models is the major area
of uncertainty.
1. Target Shape
The targets shape or "form" is the complex three dimensional ob-
ject which, due to changes in surface orientation relative to the observer
and the illuminating source, appears as a problem of brightness which must
be discerned by the observer as the object of interest [l3l« With the
large number of ways in which the illuminant can strike a moving target,
there are a correspondingly infinite number of sizes, shapes, and patterns
an object can present to an observer. Thus, target shape is descriptive
terminology of the target's appearance.
Complex, more unfamiliar forms are more difficult to identify than
the simple, more familiar forms. Results of laboratory experiments have
indicated that as the number of abrupt changes in the outside surfaces of
a target form increases, the time required to correctly identify the form
increases, regardless of the nature of these changes Cl3l« Figure 1 shows
the effect of simple target shape on the mean search time for several ob-
servers in a 1961 study conducted by Smith [13]. These results suggest
that under field conditions a target with subtle changes in contour, such








Target Shape (Number of Sides)
FIGURE 1. Mean Search Time as a Function of Target Shape
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For most field experiments observers are aware of the basic target
shape. Descriptive terminology like "moving personnel" or "non-firing
tanks" or actual familiarization runs of the target will indicate the na-
ture of the object that the observer is trying to detect. Camouflage
clothing for personnel targets and either camouflage or non-gloss paint
for metallic targets help to simulate combat realism in field experiments.
2. Target Size
For visual detection processes target size generally refers to
the object or boundary shape. Size can be defined by circumference, area,
or diameter of circular objects — or the greatest linear dimension, the
area, or the perimeter of shaped targets. The measure of size most often
used is the angular subtense of the target, which is the linear angle sub-
tended by the target at the observer's eye Cl9]« This definition is wide-
ly accepted since it conforms to the preponderance of laboratory studies
[13].
A rather intuitive notion is that the larger a target appears to
the observer, the easier it is to detect and identify. This is true re-
gardless of the shape of the object. Reference 13 cites numerous studies
that support this hypothesis.
Because of its importance and the relative ease in measurement
this target characteristic is often included as a parameter in simulation
models. One method uses the ratio of the target area to the area to be
searched [_5j« This approach is more appropriate for fixed search areas
such as television screens and is less appropriate for fields of view with
depth and layers of vegetation. Another and more widely accepted technique
is the use of the apparent target size defined above.
20

Experiment 31 «1 expressed apparent target size as C^ls
25 -jr
a -
where a is the linear angle in minutes of arc,
(1)
A is length x width of a rectangularly shaped target object, pre-
sented normally to the line of sight, and
r is the observer-target distance.
The Dynamic Tactical Simulator (DYNTACS) treats the question of
various object sizes by computing an apparent range for the targets. Ap-
parent ranges are calculated by adjusting the actual range of a smaller
target so that it appears to be at a farther range than a larger target
located at the same actual distance. Figure 2 illustrates the same prin-








FIGURE 2. Apparent Target Range
The numerical calculation for apparent range is
A 1 - c




Thus, if two targets axe located at the same distance from the observer,
but one is half the size of the other, then the smaller target will ap-
pear to be twice the distance from the observer. Since detection times
decrease for more distant targets, there will be a smaller probability of
detection associated with the smaller target.
3. Target-Observer Distance
Target range is the line-of-sight distance from the observer to
the target. As noted above, target range affects the apparent target size
visible to the observer. Observer-target distance also affects target-
background contrast and the ambient illumination level in the target vi-
cinity.
Because of their apparent size, targets located at farther dis-
tances are harder to detect. More distant targets also exhibit less
target-background distinctiveness than closer targets [lO^j. This effect
is less pronounced in more complex terrain.
Target-observer range is generally recognized as an important
factor in visual target detection. Since it is also an easily measured
quantity this target characteristic is usually included in simulation
models of visual target detection. Sometimes it is included as an inde-
pendent parameter, but more often it is used in a functional relationship
to calculate other variables. One example of this second case is the
calculation of apparent range in the DYNTACS simulation. Another example
is the use of range to calculate intrinsic and threshold contrasts for
experiment 31 • 1 and the SIAF simulation. Observer-target distance has
also been used to compute attenuation of aural detection clues [_1~},
k. Target Motion
Target motion is normally defined by the angular crossing velocity
of the object. Faster moving targets have always been associated with
22

smaller detection times. This also influences observer's scan techniques
since he naturally adjusts his search pattern because he intuitively ex-
pects moving targets to be easier to detect [_21J.
Until recently, it has been assumed that it is the target's speed
that accounts for shorter detection times. However, recent experimenta-
tion has suggested that it is not motion itself that improves detection
performance but the changing contrasts that occur as the target moves
over a complex background \_5~]* There is a significant difference in tar-
get detection times for targets crossing "high contrast" paths versus
"low contrast" paths. Analysts hypothesize that there exists some com-
bination of the two variables, motion and contrast, to explain this phe-
nomenon. They also suggest that the detection rate should be more closely
related to distance traveled then to elapsed time.
Target motion is generally modeled as a crossing velocity, or
that component of an element's speed that is in a direction perpendicular
to a line of sight between the observer and the target. Thus, a target
moving directly at the observer would appear to have zero velocity. In
simulations the crossing velocity is used to increase the detection rate,
as well as to vary the apparent size by changing the observer-target dis-
tance.
G. ENVIRONMENTAL CHARACTERISTICS
So far this thesis has examined the effects caused by interactions be-
tween the observer and the target in visual acquisition process. Environ-
mental characteristics are concerned with the interaction of these two
variables with the surrounding terrain and the meteorological state. In
general these variables are hard to study and control during experimenta-
tion and are difficult to measure for inclusion in simulation models.
23

Combat realism of the environment for field experiments is not too
difficult to imitate. Representative terrain can usually be found to de-
pict a specified environment and, if the analyst is vailing to wait long
enough, the weather and meteorological state will eventually be avail-
able. Measuring these effects and their interactions is the real problem
area for environmental variables.
i. Scene Complexity
Scene complexity includes all the stimuli in the target area that
compete for the attention of the observer. This includes the terrain com-
plexity, the number of confusing forms similar to the target, and the num-
ber of targets. It also includes the number of identifiable avenues of
approach, foilage color and man-made and natural clutter. All of these
items add to the detail of the heterogenous terrain background.
Observers do not search for targets by scanning a scene smoothly.
The eye searches by a series of jumps and pauses on objects of potential
military interest. It is during these "fixations" that detection occurs
Li3j« The more detailed and complex a target scene, the more fixations
the eye must make and the larger the detection times.
Clutter, confusing forms, and terrain foilage are all fixation
points for the eyes. In addition these items also act to partially or
completely conceal a target during its movement. Foilage effects are
seasonal in nature and can sometimes aid the target detection process.
Terrain that has more avenues of approach for combat simulated scenes re-
quire more time to search than a less complicated environment.
Very little control can be exhibited on this variable during field
experimentation once the target terrain has been selected. Military tar-
gets are generally limited to one at a time and are camouflaged commen-
surate with the terrain and foilage characteristics. Recently, attempts
have been made to represent scene complexity by a numerical value.
2h

Attempts to quantify scene complexity are a result of the desire
to include this variable as a parameter in simulation models. The Tank
Weapon System group modeled terrain complexity on a. scale of one to seven
representing the number of possible avenues of approach from which an ob-
server could expect a target to appear [l^-]]. Avenues of approach were
used as the modeling concept since it was hypothesized that in a large
heterogenous search area the observer would be more likely to concentrate
his search in terrain intervals bounded by certain distinct terrain fea-
tures. These intervals are similar to what are called avenues of approach
L14]« Using a similar numbering system, but a more subjective analysis,
the HumRRO study used "combat veterans" to judge terrain complexity on a
scale of one (very easy to detect) to seven (impossible to detect) Q 10^J
.
2. Target-Background Contrast
Contrast is the single most important factor affecting the target
detection process. It includes the inherent contrast, meteorological
state, ambient illumination conditions, and adaptation brightness. The
inherent contrast, C , of a point source is defined as
c
° V (3)
where L^ is the luminance of the point and L_ is the luminance of the area
surrounding that point. Both luminances are measured at zero distance
from the point [13]. The terms brightness (a psychological concept) and
luminance (a psychophysical concept) are generally used interchangeably.
Apparent contract, C, of an object is the contrast differences sensed by







where R is the target-to- observer range and <r is the attenuation coeffi-
cient of the intervening media. Thus, the contrast that an observer
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detects is a function of atmosphere scattering and absorbtion, which is
dependent on the existing meterological state.
Reference 13 notes that contrast varies along the edge and face
(internal surface) of the target so that military targets are not charac-
terized by a "single" value of contrast. Instead, there are five con-
trast values. These are the highlighted and shaded part of the target
with its background, the highlighted and shaded part of the target with
its foreground, and the internal contrast. The contrasted areas should
contribute to the detection process in proportion to the intensity of
their contrast relative to the whole pattern. Camouflage works to dif-
fuse the internal contrast as well as the target-environment contrast.
While the five contrast values are applicable to all targets, for camou-
flaged personnel targets, the greatest contrast is that of the target
with its background.
The position of the illuminant during field experimentation can
cause variation in lighting between measurements of detection times and
accentuate target variability [l^. For daylight observations shadows
and highlights within a target are strong clues for detection and recog-
nition. In addition, the sun's position can cause foilage to cast shad-
ows that might assist or impede visibility. Figures 3 and k show how the
range at which two types of targets are detected depends on the position
of the illuminant relative to the target scene [2l].
Figure 5 demonstrates the effects of varying positive and negative
contrast on target detection. Positive contrast occurs when the target
is of higher luminance than the background. Negative contrast is the
converse situation. In Figure 5a the observer is looking towards the sun
(elevation around ^5 with the horizon) and the target is in shadow. Top
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FIGURE 3. Detection Distances Related To Position
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FIGURE 4. Detection Distances Related To The Position
Of The Illuminant With Man As Visual Target
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(b) Observer is looking at right angles to sun
(c) Observer is looking away from sun
FIGURE 5. Luminous Characteristics Of A Target
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target and the shadow the target casts will show negative contrast. If
the sun is at right angles to the observer, as in Figure 5b, the target
changes from positive to negative contrast with slight changes in the
orientation of the object. With the sun behind the observer, as in Fig-
ure 5c, the target and background are evenly lit creating a contrast val-
ue very close to zero. Of the three positions, detection is poorest with
the sun at right angles to the observer [_2l]].
While measuring the actual target-background contrast at a speci-
fic instant in time is not too dificult, a moving target will experience
continuous target-background changes. As noted earlier, it is the chang-
ing contrasts that occur as the target moves over a complex background
that improves detection performance. For example, if a target is moving
against a background with approximately the same reflectance, its con-
trast will be close to zero. If the target then moves into an open area,
it creates a positive or negative contrast and the probability of detec-
tion increases.
There is no "approved method" for either controlling this variable
during field experiments or modeling it for simulations. One approach
used by the Tank Weapon System study group is to control this variable by
the use of motion pictures during field experimentation. These films
were used to represent the target scene. This allowed a large number of
subjects to view the same scene with the same illuminant position in each
trial. For target detection of human personnel another method might be
appropriate. From Figure k it can be seen that detection performance is
fairly constant for illuminant positions between ^-5° and 135°. Thus it
can be assumed that for trials conducted during this time interval, the





Models on the probability of detecting a moving target serve several
useful purposes. The edict about a chain being as strong as its weakest
link is applicable to modeling theory. Mathematical models of combat in-
teractions are only as strong as their various submodels supporting the
formulation. A submodel that inaccurately represents visual target de-
tection will destroy the authenticity of any results produced by the
supermodel. Consequently, it is important that models accurately depict
the process that they are attempting to represent.
Because of the numerous battlefield scenarios and the high degree of
mobility inherent in today's combat units, a multitude of detection mod-
els have been created. Various methodologies have been employed during
this process. Some theoretical models have been derived, and data has
been massaged to fit the model. Usually such models are general in na-
ture and cannot accurately describe a particular combat scenario. Some
models have been based on highly controlled field experiments. These mod-
els generally suffer from an inability to accurately depict scenarios not
included in the experiment. Recently, however, several models on visual
combat detection have been designed with an eye on extrapolation to sev-
eral combat scenarios. The models included in this thesis are:
1. The negative exponential distribution of probability detection,
2. The Tank Weapon System submodel on visual target detection used
in the Dynamic Tactical Simulator (DYNTACS),
3. The detection probability model derived in Experiment 31 • 1 » "Tar-
get Detection Performance by Ground Observers,"
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k. The detection probability submodel in the Small Independent Action
Forces (SIAF) system model,
5. The detection probability model used in a Rand report on the ef-
fects of target motion on visual detection.
These models present different approaches in the modeling of visual
target detection processes. Each employs an assortment of variables in
varying functional relationships to describe the acquisition of targets.
These different views will be valuable in understanding the basic con-
cepts and the state-of-the-art in the field of visual target detection.
These models will also assist in the formulation of guidelines for future
study in this area. The variables and their functional relationships
within the model will be presented. This discussion will include the
purposes behind the model, the basis for the formulation, and the model's
limitations.
A. NEGATIVE EXPONENTIAL
The occurrence of a detection within time t is a probabilistic event,
and Stollmack suggested that the negative exponential distribution de-
scribes the detection time of a human observer with changing battlefield
conditions [l5]« This nonhomogenous continuous looking process is de-
scribed by:
-rx(u)dU
P(t) = 1 - e t > (5)
where
P(t) is the cumulative probability of detecting in time t or less,
\(u) is the conditional detection rate,
u is a dummy variable of integration.
Reference 13 has described the different assumptions concerning the
conditional detection rate. The simplest of these is where the rate is
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assumed constant during the entire target appearance as shown in Figure
6. This case is most applicable when the target is stationary and the













FIGURE 6. Constant Detection Rate
Moving targets exhibit many subtle changes constantly, and their de-
tection rate might better be described as a continuous function of time
as in Figure 7. These continuous changes are a function of all the vari-











FIGURE 7. Continuously Changing Detection Rate
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A model for the detection rate which combines elements of search and
psychophysical data is of the form [_13J
\(u) = upg(3,u) (6)
where
u is the rate of fixations by the observer,
p is a constant correcting for the number of confusing forms in the
scene, and
g = 1 - (l-gH -B)(l-gSF)(l-gI ) • This term treats the target as three
distinct targets with glimpse probabilities, g„„, g„F , g,.. These repre-
sent independent probabilities of detecting the apparent contrast caused
by the highlighted part of the object with the background, the shadowed
part of the object with the foreground, and the apparent internal con-
trast.
The problem with the above approach is that with the situation de-
scribed it requires a continuous appraisal of data to describe the chang-
ing conditions. Such a data collection process would be almost imposs-
ible. An alternate approach, first derived by Stollmack [_l6~] then extended
by Rheinfrank [l3l> treats the detection rate as a constant for short dura-
tion of time with an instantaneous change to the next detection rate level























FIGURE 8. Detection Rate With Instantaneous Changes
3^

These abrupt changes are caused by changes in the target characteristics
or its relative position to its background. A target that moves from a
background of trees to a background of grass, or a target that changes its
direction of motion, might cause the observer's detection rate to change
"instantaneously" to a higher level. The rate of detection will remain
relatively constant until another major change in the variables affecting
target detection. Rheinfrank's extension of Stollmack's work derives an
unbiased maximum likelihood estimator for the detection rate,
r.
1 /. \ i
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0. is an estimate of the value r— in the i interval,
X.
r. is the number of detections in the i interval,
l
n is the number of observers tested,
T. is where a change in the detection rate occurs, and
t. ' is the number of detection times in the i interval.
l
With good data collection and the ability to define definite instan-
taneous changes in the scene, the mathematical capability exists to de-
fine various levels of the detection rate.
B. DYNTACS DETECTION MODEL
DYNTACS is a high resolution simulation of combat engagements varying
in size from a single weapon system to a battalion. The flexibility in-
herent in the simulation allows different combat situations and environ-
ments to be represented without changing the simulation program. DYNTACS
is primarily a model of the combined arms concept to evaluate tactical
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doctrine, weapon design, and organization. A repetitive feedback cycle
is applied by selecting a design, doctrine, and organization, using the
model to predict operational performance and then modifying the selection
with the intent of improving operational predictions.
The contents of this section are based primarily on the early DYNTAGS
study by Stollmack and Brown [l4-l?]. The current DYNTACS model has been
updated to include modifications by Lawson, Parry, and Rheinfrank.
The visual target detection probability model used in DYNTACS is based
on assumed negative exponentially distributed detection times. The prob-
ability model is





P(TDEL) is the probability of detecting a previously undetected weapon
in a time interval of length TDEL,
c is the proportion of time that the observer's view of a mov-
ing weapon is not completely obscured by concealing vegetation,
p is the probability that an observer is searching the sector,
based on the cardioid distribution,
TDEL is the time interval, and
X is the detection rate.
For this model the detection rate can be considered to be a constant
function of time as long as the observer-target scene variables remain
constant. The empirical relationship for the detection rate is,
X = .003 + 1.088[l.^53+(SC)(.5978)+2.188R2 - .5038 CV]" 1 (9)
where,
SC is a number between 1 and 7 representing scene complexity and the
number of avenues of approach available,
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R is the apparent range, determined by the proportion of target
silhoutte that is concealed, and
CV is the crossing velocity of the target.
To use the negative exponential model it is necessary to relate the
detection rate to variables describing the physical conditions for each
target-observer combination. In BYNTACS X(u) is considered a constant,
X. » for a particular target-observer element combination during each e-
vent. Prediction of the parameters, X. , was based on data collected by
Major Brown during a field detection experiment [~l4j. Brown took motion
pictures of moving tank targets during various combat activities to rep-
resent target scenes.
From data analyses of the detection scenes and observer responses,
one time interval, using two points in time, was determined in which the
detection rate appeared to be constant. Graphical analysis using a least
square regression line gave predictions of the detection rate. Using
Equation 7, an estimate could be made of the detection rate within the
time interval. Using multiple regression techniques an empirical rela-
tionship between the estimate of, X, and the variables could be establish-
ed (Equation 9). The number of time intervals used depends on the quan-
tity of data available. For this experiment it was desirable to use as
large an interval size as possible.
As noted in the model, the significant variables for the DYNTACS mod-
el were the crossing speed, apparent range, and scene complexity. The
use of motion pictures allowed the analysts to assume a constant luminance
level for all observers.
While this model is based on the negative exponential probability
model and detection times are recorded from the moment the target becomes
intervisible, the model defines the time intervals during which the
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detection rate is considered constant. This point is important for later
comparisons.
C. EXPERIMENT 31.1 MODEL
Experiment 3i»ii "Ground Observer Probabilities of Acquisition/Ad-
justment," was conducted by the U.S. Army Combat Developments Command Ex-
perimentation Command (CDCEC). The principal objectives of the experiment
were to obtain data on the capabilities of ground observers to acquire
targets and to successfully adjust indirect fire onto the acquired tar-
gets.
This experiment was used to gain understanding of target acquisition
by ground observers using binoculars and passive night vision lenses. It
is thus limited for use for unaided visual observation. However, the
study developed analytical expressions which describes the acquisition
performance of ground observers over a broad spectrum of physical condi-
tions and tactical environments.
The proposed relationships are:
p
a
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and,
P, is the probability of detection,




1 ^11 k , k, are regression coefficients
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r is the range to the target,




R is horizon luminance/target scene luminance,
c
n
is inherent target-background brightness contrast,
a is a constant describing obersver class, and
p is a constant describing target class (stationary, slowly moving,
a rapidly moving)
.
The relationships were "... guided by considerations of empirical
(and intuitive) reasonableness and analytical simplicity Ll9j«" Beginning
with the scattergrams of the detection data attempts were made to fit the
performance variables P
,
, T , and I, to the variable p for individual sets
and set combinations of the acquisition trials. Regression coefficients
were adjusted in the best-fit analyses.
The study has some important features associated with it. The report
makes an attempt to have acquisition performance be quantitatively under-
stood in terms of more than a few variables. Those variables considered
were, actual target size, target motion, atmospheric optical transmission,
horizon-scene luminance, target-background inherent contrast, and observer-
target range. This is one of the largest selections of detection variables
considered in any report to date. The effects of contrast and ambient il-
lumination levels was a major factor in the study and were based on sound
theoretical background. Since the targets were located at distant ranges,
the analysis distinguished between the observer's ability to detect tar-
gets and his ability to correctly describe or identify targets.
The major shortcoming of this model is that the probability of detec-
tion is not time dependent. Observers are described as having a proba-
bility of detecting targets with an associated average time to detection.
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No attempt is made to study the underlying distribution. Also, with the
importance placed on the contrast variable, the model should have made
some attempt to distinguish between soft targets (personnel) and hard
targets (metallic objects). The study assumed that, "... the average
reflectance of a man in battle gear probably does not differ significant-
ly from that of a truck (with canopy) or a tank when his exposed face and
his metallic equipment is taken into consideration" [.19]]
•
D. SIAF MODEL
The Small Independent Action Forces (SIAF) System Model is a high
resolution simulation of small unit forces. The function of unit move-
ment, navigation, surveillance/detection, fire support, supply mainten-
ance, human maintenance, communications, and command and control are de-
scribed by the simulation.
The submodel on target detection evaluates all targets in the simula-
tion to determine whether they are either aurally or visually detected by
the SIAF, or whether the targets detect the SIAF. The visual target ac-
quisition process is described by the negative exponential relationship,
P
d




P,(t) is the probability of detection over an interval of time t, and
X is the detection rate per unit of time t.






12 is the scan rate in degrees per second,
kO

1-PD is a human performance degradation,
VL is the vigilance level,
VD is the velocity degradation factor,
g is the single glimpse detection probability,
CLUT is the confusing forms clutter factor,
N is the number of individuals scanning the sector of the tar-
get,
TN(l-PA) is the number of targets that are not completely concealed,
and
SS is the scan sector currently in effect.
The single glimpse detection probability is computed by a subroutine
of the simulation. This value is the ratio of the intrinsic contrast,
when modified by visibility conditions and range, divided by the thresh-
old contrast. These contrast values are subjective but indicate the
probability of seeing an object under a given set of conditions. If the
probability is greater than zero, then a detection will probably occur
if the observer searches long enough and intervisibility conditions re-
main favorable.
As in the model for Experiment "}1. 1, this model attempts to explain
target detection as a function of several characteristic variables. The
ability to "play" several observers against several targets is unique to
this simulation. The model attempts to account for degradation of the
detection process by observer fatigue and motion. It also identifies fac-
tors concerned with the number of targets available and the number of con-
fusing forms present. However, unlike Experiment 31 • 1 » these results are
not statistically derived from a field experiment data base. Rather, the
variables are primarily composites of data bases from numerous laboratory
experiments. With such a large number of variables, interactions might
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exist between some variables that might not be present in separate
laboratory experiments. These interactions might require a different
form of aggregating the variables in the detection rate.
E. RAND MODEL
The Rand Corporation conducted an investigation of the effect of tar-
get motion on visual detection. The data are applied to a model of the
human observer in static target recognition derived by H. Bailey. The
model is a form of the negative exponential with [5]
Pd
(t) = 1 - e"Bt t > (12)
with
B = fK(—)k, a constant related to the type and amount of area to be
s
searched and the size of the target,
where,
f is the rate at which glimpses are made during the search, normally
3 per second,
a™ is the area of the target,
A is the area to be searched,
s
K is a constant determined by the required success rate, P , in time
•1
t; equal to log
e (jjjjr)
n
k is the glimpse-aperture factor, which is related to the complex-
ity of the scene to be searched; values normally range from 10 to 100.
The limitation of this model is that it is used for predicting detec-
tion probabilities for moving targets, particularly those applying to
aerial views and remote television guidance systems. However, it appears
that this model might be modified for detection of moving personnel tar-
gets in the context of this study.
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For the Rand report, the experimental data displayed an exponential
dependence of detection probability upon time for both stationary and
moving targets. The data could be reasonably approximated by modifying
the glimpse-aperture factor k.
The most significant results of this study was that the data obtained
indicated that it is not motion itself that improves detection perform-
ance but the changing contrasts that occur as the target moves over a
complex background. The study suggests a combination of motion and con-
trast changes are responsible for this phenomenon.
F. SUMMARY
Each of the above models exhibits interesting properties that indi-
cate the state-of-the art in modeling the visual detection of moving tar-
gets. The models display different approaches in the selection of vari-
ables and the relationship between these variables. The DYNTACS and
Experiment 3i«l models used regression techniques on a data base to ar-
rive at an analytical expression for the probability of detection. The
Tank Weapon System study used only three variables while the Experiment
31.1 model used five. The SIAF model is based primarily on a score of
laboratory experiments. This model also includes observer degradation
factors plus the effects of several observers and targets in the search
mode. The Rand model works primarily with the glimpse-aperture factor.
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IV. DESCRIPTION OF THE HUMRRO TEST
This chapter intends to serve as a brief description of the test
conducted "by HumRRO as it applies to visual target detection. The four
areas of concern are: the problem, the experimentation procedures, the
statistical procedures, and the results of the test. This chapter will
summarize the HumRRO report so that it might serve as a basis for the dis-
cussions in Chapters V and VI. This chapter will also examine how the
variables affecting target detection disucssed in Chapter II were treated
in the HumRRO report. Exact test procedures can be found by consulting
Technical Report 72-3^ [lO].
A. PROBLEM
The problem was generated by The Army Small Arms Requirement Study
(ASARS) whose overall goal is ". „ . the development of the optimal weapon
for the infantryman." It is essentially a computer simulation of Infan-
try in defense and attack. ASARS II has a subroutine that determines
whether an observer is able to detect a non-firing target by visual search
during a given event. This subroutine is based upon a model developed
during the Tank Weapon System studies.
The HumRRO study was gathering data to determine,
. . .
whether a negative exponential distribution of detection times was
adequate for describing the detection of moving human targets by human
observers, and whether the detection behavior of stationary observers
searching for a moving human target was affected by (a) speed of the
target, (b) range of the target, and (c) denseness or complexity of the
terrain in which the target appeared [lo].
As noted in the report, "The present study is an attempt to validate the




Detection time data were collected using single observers to detect
single human targets. Three different test areas were used to represent
varying levels of target-scene complexity (low, medium, and high). The
targets moved at different speeds (walk, slow run, and fast run) at three
different ranges (100, 200, and 300 meters) at each test area. Thirty
observers were assigned to each test area for observation purposes. Each
observer conducted his search individually within a thirty degree sector
and had the opportunity to detect a total of nine targets at various
ranges and speeds.
Targets wore camouflaged fatigues and used camouflage paint on exposed
skin. A pilot study was conducted to give the targets experience at the
various speeds. Targets moved in given directions for a predetermined ex-
posure time. Detections and the time to detection beginning with target
motion were recorded for each individual. Between trials the observer
turned away from the test area while the target repositioned himself.
C. STATISTICAL ANALYSIS
The design of the experiment conformed to a 3 x 3 x 3 mixed factorial
with terrain complexity as the between subjects variable, and range and
speed as within-subject variables. A repeated analysis of variance was
performed in the target detection data. The conservative F max test was
used to assess the significance of homogeneity of variance.
From the twenty-seven (3x3x3) experimental conditions, twenty-four
distributions of detection times were obtained. A maximum likelihood es-
timator for the parameter \ was computed using the equation




where X. is the estimate of X, N is the number of detection times, and t.
is the ith detection time. The chi-square goodness-of-fit test was ap-
plied to the detection time distributions to test the hypothesis that each
distribution was approximated by the negative exponential distribution.
D. TEST RESULTS
The F max test indicated that the within-cell variation was not homo-
genous. It was determined that the complete repeated measurements model
specified by Winer was appropriate and that the conservative F tests
should be used in determining the significance of each main effect and
interaction. Mean detection times and the percentage of the targets de-
tected were calculated for each category of detection. Over all condi-
tions, 73.1% of the targets were detected and the mean time to detection
was 3»8 seconds.
The chi-square goodness-of-fit test led to a rejection of the hypo-
thesis of exponentiality 91 • 6$ of the time (powerful criterion of rejec-
tion = .10). These results suggest that the underlying probability dis-
tribution for the detection time distributions was not exponential in
form. A further statement noted that
... it would appear that the Tank Weapons System model of detection
is not appropriate for the detection of human moving targets.
The analysis of variance showed that detection times increase for more
complex terrain and for targets located at longer ranges, while detection
times decreased for the slower moving targets. The range x speed inter-
action indicated that target speed had its greatest effect upon the de-
tection of more distant targets. As the terrain increases in complexity
target-background distinctiveness decreases for all slow-moving targets,
with distinctiveness being least at the far target ranges. Hence, detec-
tion there is slow. An increase in target speeds increases the rate of
^7

rupture of the background texture (target-background distinctiveness),
and detection becomes more rapid.
Inspection of the detection time distributions revealed that these
distributions tended to be positively skewed. The study suggested that
the distributions of detection times might be lognormal.
E. TARGET DETECTION VARIABLES IN THE HUMRRO REPORT
Chapter II discussed the variables that affect visual target detection.
It was noted that these variables could either be controlled, and thereby
defined for the given situation, or allowed to vary to gather data for
the modeling process.
The variables that were considered to have a significant effect on
visual target detection for this experiment were the observer-target range,
the target speed, and the complexity of the surrounding terrain. Three
treatment levels were fixed for each of the three variables in the experi-
ment. They were included in the 3x3x3 mixed factorial to study the
interactions of the various parameters. These were the same variables in-
cluded in the Tank Weapon System submodel on visual target detection.
Several variables were controlled during experimentation. Human re-
sponse was controlled by the selection of observers who had similar levels
of training experience. Subjects were selected to approximate the response
of the inexperienced combat rifleman. Each observer used his own search
and scan techniques and motivation was assumed comparable for all observ-
ers. While the observers were aware of the shape and size of the target
and the boundaries within which the target would appear, no prior knowl-
edge about target location was provided. Randomization of the location
from which the target was to begin the next run and the target's speed was
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used to prevent a learning process by the observer. No attempt was made
to model or control target-background contrast during the experiment.
This is only a brief review of the test procedures used in the HumRRO
study. The intent is to familiarize the reader with the process employed
and how the variables discussed in Chapter II were controlled during ex-
perimentation. This discussion is necessary for comparison with the Tank




V. ANALYSIS OF THE HUMRRO REPORT
As noted in the introduction of this thesis, the HumRRO study was
conducted to produce target detection data for comparison with predic-
tions from a visual detection model generated by ASARS II from data pro-
vided "by the Tank Weapons System studies. Examination of the detection
time distributions indicated that the underlying probability distribution
for the detection time distributions was not exponential in form. Con-
sequently, the study concluded that,
"... it would appear that the prediction of detection times based upon
the Tank Weapons System model of detection is not appropriate for the
detection of human moving targets."
This chapter will attempt to explain why there was a major point of
difference between the HumRRO report and that of the Tank Weapons System
study. Differences in the methodologies employed and the consequences
will be discussed. Recommendations to alleviate these problem areas will
be discussed in Chapter VI.
It seems likely that there will be different distributions for the
times associated with detecting a tank versus an individual soldier. At
a given range, in the same scene, and with the same crossing velocity,
the very nature of the objects and the "clues" they exhibit subsequent
to detection would indicate a greater probability of detecting the tank
before the soldier. However, the basic model describing the detection
process could be the same with different parameters associated with the
two targets. The Rand study is an example of this. Bailey's model for
detection was appropriate for two different situations which had varying
probabilities of detection—static versus moving targets. While moving
targets were detected faster then static targets, by varying the glimpse-
aperture parameter, Bailey's model was applicable to both situations.

The HumRRO report was an attempt to use a given model, that of the
Tank Weapons System, with different parameters to describe the probability
of detecting human targets. The intent was to gather data and use the
techniques of the Tank Weapon System study to arrive at regression co-
efficients to describe the personnel detection process. The distribution
of the data seemed to indicate, however, that the systems were not com-
parable.
The major problem with the HumRRO approach is that if the two systems
are to be compared, then similar methodologies and procedures should be
used in all phases of the comparison. Strictly speaking, if the HumRRO
report was using the Tank Weapon System study as a guideline, then they
should have adhered to all aspects of the latter' s procedures. Since
there were several differences in the procedures between the two tests,
the results are not comparable. All that can be said is, yes, there were
two different tests employing different procedures that gave different
results. Several of these differences are discussed in this chapter.
A. STARTING TIMES
In the HumRRO report it is stated that "The subject stood on the ob-
servation point holding his hand switch; a target was then told to begin
his run and the subject was told to begin his search." Detection times
were measured from the time the target first began moving. If the target
was moving behind concealing vegetation or in a crouch to prevent detec-
tion prior to the run, time could elapse before he became visible to the
observer.
The Tank Weapon System study describes the distribution required by
an observer to detect a target after the target has become intervisible
to him. Intervisibility is defined as the existence of an unobstructed
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line-of-sight between the observer and any part of the target. Thus, this
study begins detection times when there is some probability that the tar-
get can be detected. Using the HumRRO method time could accumulate before
the observer even has a chance to detect the target. For each run there
might be a distribution associated with the times prior to intervisibil-
ity. This distribution could distort the underlying distribution asso-
ciated with the actual target detection process.
Another point to consider is the model of time variables in the Tank
Weapon System study. This is depicted in Figure 9 [l5].
Observer begins search
Target becomes intervisible
t t = detection time
o
FIGURE 9. Time Variables
The target becomes intervisible at time t and is detected at time t.D o
The time t - t is defined as the detection time. However, there is a def-
o
inite time period where the observer is searching and the target is not
intervisible. This period allows the observer a "break-in" time where
he can begin his search and scan techniques prior to the target's appear-
ance. In the HumRRO study the observer apparently began his search at ap-
proximately the same time the target began his run. This does not allow




B. CONSTANT CONDITIONAL DETECTION RATE
The HumRRO report calculates the conditional detection rate X as
where
N is the number of detection times, and
t. is the i^" detection times.
1
The chi-square goodness-of-fit test was used to test the hypothesis
that each distribution was approximated by the negative exponential dis-
tribution.
The Tank Weapon System study notes that the distribution of detection
times can be represented by the negative exponential model if the condi-
tional detection rate is constant for the duration of the target exposure
time Ll7Ji However, for moving targets physical conditions like range,
contrast, and crossing speed, will cause the detection rate to vary during
target exposure. Thus, the first step in the data analysis was to iden-
tify time intervals (t. , t ) for each target scene within which the phys-
ical conditions and, hence, the detection rate remained nearly constant.
The procedure used by the Tank Weapon System for identifying the time
interval within which the conditional detection rate is constant is fairly
complicated. It involves a test by Epstein (i960) which states that if
the underlying distribution for the i detection occurring before t. for
a group of n observers is
-Xt.
H\) - 1 - e 1 t. > (1*0
y\ -4- i




A least square regression line was fit on all points, and a test for
constant detection rate performed. If this data did not pass the test,
detection times were eliminated one-by-one, starting with the largest, un-
til the remaining data passed the constant rate test. A least square re-
gression line was refitted to the remaining data points to select the fi-
nal time interval.
The above procedure validated the negative exponential model for de-
scribing the distribution of detection times within the final time inter-
val (t,, t ). This model actually describes a negative exponential model
only for data within a "constant physical conditions" time interval. It
does not claim to apply to the entire period of intervisibility. The
HumRRO study attempts to use the entire period of target motion in the
negative exponential mode. While the total period of intervisibility was
used in the DYNTACS simulation, the results of the data analysis concern-
ed a selected time interval. The HumRRO study did not attempt to use
this procedure.
C. CONTRAST EFFECTS
Another difference in the two studies is that caused by the use of
motion pictures by the Tank Weapon System study group. The HumRRO study
did not attempt to control or model the effects caused by varying target-
background contrasts. Variation in lighting (due to changes in sun po-
sition, clouds, etc.) between the measurements of detection times accen-
tuate subject variability. Motion pictures of actual target scenes can
be presented to any number of subjects, and each observer will see the
same visual display. Because of the time involved in testing thirty ob-
servers with each having nine separate trials, the HumRRO test subjected
its personnel to a variety of illuminant levels and positions.
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The effects of varying contrast and shadows were discussed in Chapter
II. Since the HumRRO test was conducted over varying illuminant positions,
the detection times might be expected to show a range of values depending
upon the contrast and the illuminant position. While this variable is
hard to control and model for field experimentation, the use of motion
pictures greatly aided the Tank Weapon System study group. While making
the movies, detection times were recorded for observers so that detection
performance in the laboratory could be compared to that in the field.
D. CONCLUSIONS
The purpose of this chapter was not to hypothesize that the visual
detection process is the same for all moving targets, regardless of their
inherent characteristics. The acquisition processes associated with mov-
ing tanks and personnel might be the same or completely unrelated. The
purpose of this chapter has been to show that the HumRRO and Tank Weapon
System tests were not conducted and analyzed in the same manner. With
the same experimentation procedures similar methods of data analysis
might have shown that both detection processes could be described by the
same model with different quantitative values for the parameters. However,
the difference in test procedures does not allow for any comparison of re-
sults. The following chapter will set up guidelines to establish test
procedures for future studies in this area.
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VI. GUIDELINES FOR FUTURE STUDIES
In previous chapters this thesis has examined various aspects of the
target detection process. Chapter II studied the variables that affect
the distribution of target acquisition times. Chapter III outlines sev-
eral detection models that have been constructed for use in combat simula-
tions. The HumRRO study on personnel detection and the Tank Weapon Sys-
tem study were compared in Chapters IV and V. Considering the material
discussed in these chapters it is possible to present some guidelines for
future studies on personnel target detection.
As noted earlier the HumRRO report was one of the most well controlled
and thorough investigations conducted on personnel target detection. Many
of the ideas and concepts it employed are very sound and are worth repeat-
ing in future field experiments. There are, however, some areas in which
the methodology applied could be improved to give more meaningful results.
It is the purpose of this chapter to outline such methodology, using the
concepts developed in earlier chapters of this thesis.
The guidelines established fall into two phases, experimentation and
modeling. Chapter II noted that these two stages are by no means mutually
exclusive. However, such a division is convenient for discussion pur-
poses. The experimentation phase will consider procedures useful in the
field experiments on visual target detection. This will draw heavily on
the discussion of variables affecting target detection and the procedures
and analysis of the HumRRO study. The modeling phase is primarily a col-
lection of ideas from the simulation models of Chapter III and probability
distribution models. While the intent of this chapter is to provide a






A field experiment is a planned operational process by which information
about the real world is gathered [_l8j. In field experiments the analyst
can simulate combat realism and gather data without suffering the neces-
sary consequences of actual combat situations. In laboratory studies,
basic relationships are determined between abstracted variables under sim-
plified conditions. In field experiments most of the complex conditions
of combat situations are preserved. The major drawbacks to field studies
are the inability to completely control the necessary variables and the
associated high costs.
Field experiments offer the analyst the ability to study more than
simple geometric shapes on a television screen. It provides a chance to
observe the effects of actual targets in a complex environment. This sec-
tion will consider the major factors to consider in designing and control-
ling field experiments on moving target detection processes.
1. Selection of Variables
For visual target detection the response, or dependent variable,
is the detection time associated with various acquisition processes. The
problem then is to select those factors that are to be varied, or the in-
dependent variables. Once these variables are identified, it is neces-
sary to select the levels to be examined. The use of mixed factorial
analysis is recommended to examine interactions between selected variables.
With the exception of target-background contrast, the three most
important variables in visual target detection are the complexity of the
terrain, the target's crossing velocity, and the target's range. These
are the variables identified in both the HumRRO and Tank Weapon System
study, as well as in most literature on the acquisition process. However,
some variations from the HumRRO procedures are recommended.
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The terrain complexity rating scheme used in the HumRRO study
needs to he re-evaluated. Complexity was judged subjectively on a scale
of one (low) to seven (high). The high complexity scene received an aver-
age rating of 4.9^- which corresponds to a rating of "difficult to detect"
ClO^]. However, none of the targets located at 300 meters were detected
on any trial "by any observer, which should correspond to a rating of "im-
possible to detect." It is recommended that terrain complexity be ex-
plained by a range dependent distribution. This distribution could be
determined by a simple pilot test of the raters viewing moving targets
at various selected ranges.
To simulate a more realistic combat scene it is recommended that
the targets be moving more towards, or away from, the observer's location.
All targets should begin from a fully concealed position. This movement
would more realistically represent combat movement. The qualitative lev-
els of walk, slow run, or fast run are adequate for experimentation pur-
poses. If quantitative speeds are to be studied, angular crossing veloc-
ity is a necessary requirement.
The level of the independent variables under observation should
be selected carefully. Generally, when selecting a quantitative inde-
pendent variable, it is important to choose levels that cover a suffi-
ciently wide range to detect effects of the independent variable. If the
levels are randomly selected, results can be extrapolated to include lev-
els not included in the experiment. If the levels are not randomly se-
lected, the results of an experiment are applicable only to the specific
levels included in the experiment [ll]].
2. Selection of Observers
Since the effects of observers are not to be treated as independ-




experimentation. Tests should be conducted to measure the following:
general intelligence; general sensory responses; the observer's ability
to handle abstract information and to discern simple geometric shapes from
complex patterns; and to determine eye sensitivity to varying illuminant
conditions. These variables are discussed in Chapter II. Results from
these tests will allow the experimenter to screen those subjects who do
not meet required specifications.
As in the HumKRO study, a level of individual infantry training
should be required. All observers should have the same level of exper-
ience in target acquisition training so that results will not be biased
by unequal training experience. Use of BGT and AIT levels are recommend-
ed to represent the "inexperienced" rifleman.
3. Controlling Contrast
While target-background contrast was distinguished as the single
most important variable affecting target detection, it was not included
as an independent variable. The constantly changing contrast values of
moving targets does not allow this variable to be accurately measured
during field experiments. Two important recommendations are made for
use in controlling and modeling this process.
First, Figure k depicts various illuminant positions and their
effects on detection distances. For illuminant positions between K^ and
135 degrees the effects are relatively constant. While the exact effect
is unknown, this variable can be qualitatively controlled by conducting
experiments during the time period when the sun is between these two ex-
tremes. The time period involved might vary for different test areas
(if the test area is in a valley, for example) and would have to be pre-
determined for each site. It is important to also insure that there are
no drastic changes in the scene illumination throughout the testing period.
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Measurements (in foot-lamberts) can be conducted in the test area
periodically to insure that there are no dramatic changes caused by cloud
cover, fog, etc.
Second, it is recommended that motion pictures be taken of each
possible trial run. It is not necessary to film the entire experiment,
only the different runs that the targets will make. These films can be
used in a separate experiment for comparison with the field tests. More
importantly though, they can be used in the modeling phase. With the mo-
tion pictures and data from the field experiment, estimates of detection
rates can be made using equations similar to Equation 7.
4. Pilot Study for Targets
It is essential that targets conduct a pilot study to learn the
various speeds and routes that they are to run. Posture, speed, and di-
rection of movement should be familiar to all targets. Targets should be
outfitted in camouflaged uniforms with combat equipment representative of
the scenarios they are depicting.
It is during this pilot study that "experienced infantrymen" could
have the opportunity to view the targets in the selected test areas. They
could observe and rate targets in the various scenes and would have a
better feeling for "easy to detect," "impossible to detect," etc. judg-
ments of terrain complexity.
5. Independence of Observations
A basic assumption for any analysis of data from the field experi-
ment is that observations are independent of each other Cn]» This can
be assured in several ways. Except for their assigned sector of search,
observers should not have any knowledge of the targets initial location
or direction of movement. This can be accomplished by randomization of
starting positions, speeds, and direction of travel. This also helps to
prevent a learning experience by the observer.
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Each trial run should be observed by only one observer. Previous
tests have shown that trials are not independent when viewed by several
observers at the same time L2J.
6. Starting Times
Times for acquisition of targets should begin when the target
first becomes intervisible. As discussed in Chapter V, detection times
will be inaccurate if the time is started prior to the observer having
the ability to detect the target.
7. Break-In Period
Before each trial ran the observer should have a "break-in" per-
iod. The observer should be conducting his search prior to target move-
ment. If the observer is facing away from the test area and turns as the
target begins moving, inaccurate representation of the acquisition process
might result. The period where the observer is readjusting his search
pattern might unfavorably influence detection times.
B. MODELING DETECTION
The need exists to extend basic detection models to make these models
dependent on a variety of independent variables. The model can be an ex-
tension of the data, or the data can be collected to verify a model's ap-
plicability to the chosen situation. Whichever the case, the model must
accurately represent the process studied if it is to be of any use to the
analyst.
Using parameters that are estimates from a given data set to validate
a model based on that data set is a hazardous procedure. Better results
can be obtained by estimating model parameters from one data set, then
validating the model with a second data set. Since the HumRRO study only
included vague bar graphs in their report, retrieval of the actual data
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was not possible. Future study groups might try to obtain the original
test data and derive estimates of selected parameters. For this thesis
references to the HumRRO data set will be general in nature.
Visual analysis of the HumRRO data available revealed two obvious ob-
servations. The first is the importance of the first few seconds in the
detection of moving personnel targets. There is a noticeable period
where very few detections occur, then a large block of detections. In
the physical world this relates to the detection-identification process
discussed earlier. If the observer detects a target the instant it be-
gins moving, there is still a short interval of time where the observer
goes through a detailed selection process. The observer detects, fixes
on the motion, identifies the object, and makes a mental decision to press
a switch signifying "acquisition." This procedure is important since it
is basically the same methodology employed in a combat situation. The
only difference is that in combat the observer begins to take the iden-
tified target under fire after acquisition. For human targets at close
ranges (say within 500 meters) the detection and identification processes
are very close together. In a situation involving unknown target types
at farther ranges, the time between detection and identification might be
more noticeable. At any rate, this selection process is a necessary in-
put into the modeling phase and should not be overlooked. The importance
of this point will be raised again shortly.
The second observation is that for each of the three independent vari-
ables there were several trials where observers did not detect the target.
This factor suggests a modeling procedure similar to the "stillborn" mod-
el [J~] of reliability; that is,
1. With each distribution of detection times give a probability of
detecting the target, P , and
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2. Identify a distribution for detection times if the target can be
detected.
Figure 10a depicts this modeling approach. The survival function, F(t),
is the probability that the detection time will exceed time "t," i.e.,
F(t) - p[T>t] t > (15)
The earlier discussion on the detection-identification process is im-
portant in selecting the initial level of F(t). Initially, it was felt
that detections occurring in the first moments of a trial were "instan-
taneous" and should be included as a "jump" in the graph as in Figure
10b. However, in view of the earlier discussion it was decided that no
detection is "instantaneous" because of the inherent reaction time of the
observer. Another approach available was to consider the "mean time to
failure" (MITF) , or the average detection time, instead of a probability
distribution. This method was disregarded because it does not give an
accurate representation of the times associated with the probability of
detection.
The selection of a representative distribution thus becomes important.
Using the general shape of the block diagrams in the HumRRO study, pre-
vious work in detection analysis, and interviews with various statisti-
cians, four distributions have been identified that could possibly rep-
resent the detection process. These are the Exponential, Gamma, Weibull
and Lognormal distributions. Each of these "appears" to fit the general
shape of the distribution of times associated with target detection. The
survival functions, parameters and physical interpretations of each dis-
tribution will be included in the discussion that follows.
1. Exponential
Chapter III includes a discussion of the exponential distribution
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FIGURE 11. Sample Of Distribution Density Functions
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density function. The survival function is,
F(t) = e"Xt t > (16)
The exponential is a special case of both the Gamma and the Wei-
bull distributions and has a theoretical basis for its role in detection
modeling. As noted in Chapter III, it has found various applications in
simulation models.
There are, however, two reasons for disputing the use of the ex-
ponential to represent detection times. The first relates to the dis-
cussion on the small time interval separating visual detection and iden-
tification. This initial time interval is not accounted for by the
exponential model.
Doubts as to its usefulness are also raised by examining the
"tails" of the distributions from the HumRRO study. It is the opinion
of the statisticians surveyed that the "tails" are "too fat." For the
exponential distribution the densities do not appear to decrease as rap-
idly as expected in the five to ten second range.
For modeling purposes the exponential distribution exhibits a
"memoryless" property. In detection theory this implies that the condi-
tional probability of detecting a target in a time interval of say "s+t"
time given that it has not been detected in at least "s" time, is the
same as the initial probability that it will be detected in at least "s"
time [7],
2. Gamma
The gamma distribution is a general family of density functions





Xt dt t>0 (17)




The gamma distribution can represent a constant detection rate
over time, or one that increases or decreases over time. This family of
distributions is so extensive that it is a fairly safe assumption to use
it as a model for an experiment described by almost any non-negative ran-
dom variable. Because of this, however, it is difficult to decide which
among the various members adequately reflect the phenomenon being ob-
served. For the detection process determination of the independent vari-
able's relationship with the two parameters might be a difficult process.
Figure 12a depicts the "hazard rate" of the gamma distribution as
a function of time. The hazard rate is defined as,
r(t) = 1^ t > (18)
F( t )
Although instantaneous probabilities are generally not associated with
continuous distributions, an intuitive definition of the hazard rate is,
"the instantaneous conditional probability of failure (detection) at time
t, given survival (no detection) to t [_7J»"
For selection of a greater than one the hazard rate starts low
and gets larger. It approaches the value of X as a limit, where the con-
stant X represents the exponential member of the gamma family. In detec-
tion theory, with a greater than one the probability of detecting a tar-
get will increase as time passes. However, it will increase only up to
a constant value, X, at which time the distribution assumes an exponential
form. At this point the probability of detecting a target in a time in-
terval will remain constant. A converse argument applies for selection
of a less than one.
3. Weibull
The Weibull distribution is also a two parameter family. The






















where a and X axe again the shape and scale parameters.
Figure 12b shows the hazard rates for various a values of the Wei-
bull distribution. As with the gamma distribution, selection of a less
than one implies a model with the probability of detection decreasing
with time. For a greater than one the probability of detection increases
with time. However, unlike the gamma, the Weibull distribution is not
bounded by a constant value. As time increases, the probability of de-
tection will either approach "certainty" or will probably never happen.
k. Lognormal
A random variable is said to have a lognormal distribution if the
logarithm of the random variable is normally distributed. Figure lid de-
picts the lognormal density. The survival function is,
F(t) = 1-8 {loZ* " U) t > (20)
where 3>, u, and <T are as described in the normal distribution.
Application of a logarithmic transformation on skewed data can
often normalize the distribution. These transformations have often been
used when the dependent variable is some measure of reaction time and
when the data are positively skewed [ll_|.
Figure 13 shows the hazard rate for the lognormal distribution
L?J. This distribution also demonstrates varying hazard rates over time.
However, unlike the gamma and the Weibull distributions, the probability
of detection initially increases then decreases as time continues. For
long periods of time the probability of detecting a target if it has not
been detected previously is almost zero.
All of the above distributions show densities fairly consistent










FIGURE 13. Hazard Rate For The Lognormal
70

select the distribution which "best" represents the detection process
being considered. This will vary with the specific analyst involved and
how he views the detection process. What is important is that he select
the model that he feels describes the situation prior to applying the da-
ta to estimate parameters.
Modeling target detection might be cast in the frame of the com-
bat scenario applicable. Using an exponential model, the analyst says
that the conditional probabilities of detecting a target for similar time
intervals are the same. However, if an observer is in the defense and
the targets are moving to attack his position, it seems intuitive that
the target will exhibit more clues the closer it gets to the observer and
will eventually be unconditionally detected. This would imply a log-
normal or a Weibull (with a > l) model. Retrograde operations might be
modeled using a Weibull (with a < l) , since these operations usually sig-
nify less contact with the enemy and hence less probability of detecting
a target as time passes. Similar arguments are applicable to almost all
combat situations.
Once the model has been selected, the analyst must estimate the
necessary parameters. This can be accomplished using techniques contain-
ed in books on statistical estimation. Methods similar to the techniques
of Equation 7 axe also valid.
The two final phases of the modeling process are defining the
functional relationship between the distribution parameters and the inde-
pendent variables and validating the model. There is no approved method
for establishing a relationship between the estimated parameters of the
distribution and the independent variables selected during the planning
stage. Regression analysis employed by the Tank Weapon System group is
recommended. As noted earlier, validation of the model should be
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accomplished on a data set different from the one used to estimate the
parameters. The same test procedures as outlined earlier should be used
to obtain this data.
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VII. CONCLUSIONS AND RECOMMENDATIONS
As noted in the introduction there is little doubt that the need exists
for accurate models of the visual target detection process. Selection of
appropriate field experimentation procedures and valid modeling techniques
is necessary to adequately describe combat dynamics. This thesis has in-
vestigated the variables that influence target acquisition, and current
modeling policies, to assist in the formulation of guidelines for future
research in this area.
Chapter II discussed the human, environmental, and target character-
istics that affect visual target acquisition. While target-background
contrast was considered one of the most important factors affecting de-
tection, measuring and modeling techniques for this variable have yet
to be perfected. The potential for work with target contrast is almost
unlimited. Reference 13 discusses a technique to identify different areas
of contrast in motion picture scenes. Films taken in future field exper-
iments would assist in identification of different time intervals where
the contrast varies dramatically. Recognizing several time intervals
with different target-background contrast values would enable the analyst
to establish values for different levels of the detection rates. With
this data it would be possible to better estimate the values of the pa-
rameters for selected distributions.
Chapter III examined some current models in the target detection
field. Chapters IV and V extended this to a study conducted by HumRRO on
moving personnel targets. Even though the HumRRO study was probably the
most well-planned and controlled experiments conducted to date, there
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are several areas in which the methodology employed could be improved.
Recommendations for future improvement were discussed in Chapter VI.
Among the recommendations and guidelines in Chapter VI was a discus-
sion of the different distribution models available for target detection
processes. While the exponential distribution has a sound theoretical
basis, it has several deficiencies. From the data gathered by HumRRO
the lognormal, Weibull or gamma distributions would appear to be more
suitable for detection processes. By selecting one of these distribu-
tions, the analyst must carefully consider the "hazard rate" he feels is
applicable. The "hazard rate" allows the analyst to depict the detection
probability as increasing, decreasing or remaining constant over time.
Examination of the HumRRO data for underlying distributions would be a
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